10.
11.
12.

User’s Guide

Mode and Service
Concepts

Operations Concepts

Quality of Service
Concepts

Quality of Service
Methods

Bus Transit Capacity

Demand-Responsive
Transit

Rail Transit Capacity
Ferry Transit Capacity
Station Capacity
Glossary and Symbols
Index

Transit Capacity and Quality of Service Manual, 3" Edition

CHAPTER 6
BUS TRANSIT CAPACITY

CONTENTS

1. INTRODUCTION

How t0 Use This Chapler.....eeereeseereesssesssessseesssessseesssesseessnes
Other RESOUICES. ..ottt sss e ssssasssessssssssesssessssssssssanes

2. FUNDAMENTALS

Sources of Bus Delay ......oeeeremsnessessesssssssessssssssssssesssssssans
Factors Determining Bus Capacity......comnenneneeneenseesesnnenns
Planning-Level Capacity Values ........eeeneeneeenseeseeseesseesnnes

3. PREFERENTIAL TREATMENTS

L0 A=) T2 L= T
Busways and Freeway Managed Lanes.........cooneoneenmeenseeseeennes
Urban Street Bus Lanes......sssssssssssssssssssssens
Transit Signal Priority (TSP) ..oeneneseeesseeseesseesseesssessesseees
Site-Specific Priority Treatments ......oeeeeerneesssessesesssesenns
R U0 40000 F: | o0

4. OPERATIONAL TOOLS

OVEIVIEW ...ttt ees e eeesssesse e ssesse e s e s sse s ss s s st s sn s
Bus Stop Placement ... sseessssessseseesees
Bus Stopping Patterns ... sesssessessssesssssessenns
L2 Il D TE) ¥ o
Yield-t0-BUS LAWS ..ot sesesses s sesssessssssss s sssssssssans
R U0 40000 F: | o0

5. BUS CAPACITY METHODOLOGY

o UagoTa L1 (ot o) o ENTE T O OO OPPORRPN
Step 1: Define the FaCIlity ....coveeeerreerneeeeeseeesseesseesseessssesssesessssnenns
Step 2: Gather INPUL Data. .. sssssssssssssssssesns
Step 3: Set a Design Bus Stop Failure Rate........cocoveereneeneeneceneennenns
Step 4: Determine DWell Time......oooeenenmeeneeneeneenseeseeseseesseeseessesseens
Step 5: Determine Loading Area Capacity......oeonmenmeenseesseesnnes
Step 6: Determine Bus Stop Capacity......neneeeesseeseessessnenns
Step 7: Determine Facility Bus Capacity .....cccooemeerreeenmeeseesseesseesnnes
Step 8: Determine Facility Person Capacity ......ccoueneeneeseesseernnes

Chapter 6/Bus Transit Capacity Page 6-i

Contents



Transit Capacity and Quality of Service Manual, 3" Edition

6. BUS SPEED METHODOLOGY ...ciusuarsssinsuansassussinsusnsssussnassasssnsusnansnsnsinsssnsssusasmsnasnsnssssansnsassss 6-86
Step 1: Define the FACIIILY ..o eereeenceneee e isescessee s ce s sesss e ss s sr st s ssssssesssnes 6-87
Step 2: Gather INPUL Data. .. eereeesreeseesee e seessesseessesse e st e ssse s s st sessss s ssesssssssssssssees 6-87
Step 3: Determine Section Maximum CapaCity .....cemmmmmmsenmsessssessssssssssessssssssesss 6-87
Step 4: Determine Base Bus Running Time Rate......comnnimnnssen 6-87
Step 5: Adjust for SKip-Stop OPEration ... eerunseneeseessersessessessessse s srsessssssssssssesens 6-91
Step 6: Adjust fOr BuS CONGESTION ...cvueeerriueeeeserseesss e ss s ssessessesssssssssss st sessssssessssnns 6-92
Step 7: Determine Average Section SPEEd ......mmueneenmsnerseussenseesssssessessessses s ssessenes 6-93
Step 8: Determine Average Facility SPeed ... sesseesses s seseeens 6-94

75, BUS RELTABILYTY coiusuwonsunssssssusasssusssssssassssssiss vassssassssssssssssesssssssios ss5sssassiusss s ssssssssasaiasoasins 6-95
Factors Influencing Bus Reliability ... esssssesssessssesssesssseanas 6-95
Scheduling and Holding Strate@ies ... emmnseneessssessessessessessss s sssssssssesssssssessssnss 6-96
Relationships of Service Characteristics to Reliabilify ... 6-96
APPlications Of AVL Data. ... crereeeeeeseessersessesesssssss s ssessessessss s sssssssessss st sssssssssesasssseas 6-97
Forecasting Reliability ... oo meereienreenens e sesseesses s ce e ss s s ses st s se st s ssss s ssenes 6-97

8. APPLICATIONS .....coitititssscssssssssssmssssssssssssesesssss s s s ssssssssss s sssssass st ssasss s s ssassssssssssssasese st s s s 6-98
Alternative Mode, Facility, and Service COMPAriSONS ......ccouumiunreeesseerersmersesseessessesssesanens 6-98
Fare Collection Technology Changes .........cnenmmeisessessessessss s ssessssssesssssssesssnss 6-98
Assessing the Impact of Transit Preferential Treatments........ccoemeenereenseesseeneeseneens 6-99
Diagnosing and Treating Capacity [SSUES......coumumeuresseessssmssssesssesssssessssssesssssssssessssssens 6-100
Sizing BRT Facilities for a Given Demand .........oenmmsseseenes s ssssssessessssssens 6-100

9. CALCULATION EXAMPLE .....ccccsustsmsmsmnsesessssssssssssssssssssssssssssssssssssssssssssssassssssssssssssasssessasss 6-102
T S T A L 005w v 3w 4 T S G AT R R 6-102
The QUESTION ...ucecerisrss e sses s es s st s s et st et st s st s nen s s 6-102
22D E 06 1 oY= Lo 1 o2 6-103
BB SO s cossssssssn s s 3 354 5 0 S 6-110
OPHioNS ASSESSIETIL cucissvimsuinssmmsusssismiassss tvmsrriaisss i GG s 6-112
10000205 0T=) 01N 6-119

10. REFERENCES ..ot sssssssssssessssss s s sssssssssssssssssssassssssssssss 6-120

APPENDIX A: EXHIBITS IN METRIC UNITS ....cconririmmmmsssmsnmsssmsssssssssessssssssssssssssnsnss 6-125

APPENDIX B: DWELL TIME DATA COLLECTION .....cccocusmsmummmmsmsssssssessssssssssssssasnsnss 6-126
9T 0 06 L (o1 [ ) o VOO 6-126
PaSSENEET SETVICE TITTTOS kousonssusvssusssssusssorssmssnssssmssessimssvessms e s sssssss s oA 6-126
IDVAZE I T 0T €5 uucasvwsssmsvswewsvsces osnces v ss o s e S S R 6-127

APPENDIX C: BUS BUNCHING AND PERSON CAPACITY ...counmumsesmssssnsssssessssssssssssssasnss 6-129
23 (=) (=) Lo TN 6-130

Contents Page 6-ii Chapter 6/Bus Transit Capacity



Transit Capacity and Quality of Service Manual, 3" Edition

LIST OF EXHIBITS

Exhibit 6-1 Sources of Bus Delay Associated with Bus StOPS .....ccoeneneenneenneenseesneesnneisneenees 6-3
Exhibit 6-2 Bus Acceleration CharacteriStiCs ... seessesssesee s sessssssssesesans 6-4
Exhibit 6-3 Bus Stop Failure IHTUSTrated ... nsssssssessssssessssssss s ssessssssessssans 6-5
Exhibit 6-4 Individual Passenger Service Times (Level Boarding) ... 6-7
Exhibit 6-5 On-Line and Off-Line Loading Areas .......ereeeessessmessseessseessssssssssssssesens 6-9
Exhibit 6-6 Illustrative Relationship of Stop Spacing and Speed

(Urban Street, MiXed TTaffic)......cccereermmeemeesseesseessseessssssssseessesssseesssessssseses 6-10
Exhibit 6-7 Estimated Average Bus Speeds on Grade-Separated Busways (mi/h)....... 6-11
Exhibit 6-8 On-Street Bus StOP LOCAtIONS .....oceeeereeeeeeeseeseerssesseesseessessssessesssesssesssessesssenes 6-12
Exhibit 6-9 On-Street Bus Stop Location COMPAriSON ... eemersnesmsrnsesssssesssssssssssssssess 6-13
Exhibit 6-10 Illustrative Effect of Bus Volume on Urban Street Bus Speeds.......ccc.cceune. 6-14
Exhibit 6-11 Bus Loading Areas, Stops, and Facilities ... 6-15
Exhibit 6-12 Loading Area DeSign TYPES .....coueereenerseesesseessesssesssesssesssssssssssssssssssssesssesseses 6-16
Exhibit 6-13 Loading Area Utilization EXample ... ssesseees 6-17
Exhibit 6-14 Relative Contributions of Dwell Time, g/C Ratio,

and Number of Loading Areas to Bus Stop Maximum Capacity ............. 6-18
Exhibit 6-15 Characteristics of Common Bus Transit Vehicles

—United States and Canada.........sss . 6-20
Exhibit 6-16 Planning-Level Bus Lane Service VOIUMES ........ccouoenerereneeseesseesneessesnesenenes 6-21
Exhibit 6-17 Maximum Standard Bus Passenger Service Volumes for Planning

PUIPOSES ..ottt s s 6-21
Exhibit 6-18 Illustrative Urban Street Bus Lane Capacities with One Loading Area.... 6-22
Exhibit 6-19 Illustrative Mixed-Traffic Bus Capacities.....cenmineeeenesesnsssssensesns 6-23
Exhibit 6-20 At-Grade Busway Station EXamples......eeeeneeeesesseeseessessesseees 6-27
Exhibit 6-21 Bus TunNNel EXamMPLes.. .. sssssssssssssssssssssssssssssssns 6-27
Exhibit 6-22 Typical Impacts of Busways and Freeway Managed Lanes on Bus

(0] 0T = L 10 L3O TP 6-28
Exhibit 6-23 Typical Freeway Managed Lane Minimum Operating Thresholds............ 6-28
Exhibit 6-24 General Planning Guidelines for Busways and

Freeway Managed Lanes ........oeeeeessesseissssseessesssssessssssessssssssseses 6-29
Exhibit 6-25 Houston Freeway Managed Lane EXample......ccooeneneenmeeeneesnnersneesneees 6-30
Exhibit 6-26 Freeway Ramp QUEUE BYPaSSES .....oucuruerrremeesneernneeneesseessesssssssesssssssssssessesseses 6-30
Exhibit 6-27 Examples of Bus on Shoulder Operation (Minneapolis) .......oeereeennees 6-31

Exhibit 6-28 Sources of Delay for Buses Operating in Mixed Traffic at Intersections.. 6-32
Exhibit 6-29 Bus Lane Development via Parking Restrictions........ccoeeeneenecnseenneeneens 6-32

Chapter 6/Bus Transit Capacity Page 6-iii Contents



Transit Capacity and Quality of Service Manual, 3" Edition

Exhibit 6-30 Median Busway Center Station EXamples........coeeeeenermemneesseesseeesseenns 6-33
Exhibit 6-31 Exclusive Bus Lane EXampPles....ssssssssssssssssssssssssssnes 6-35
Exhibit 6-32 Contraflow Lane EXamPIes........coueeeeeemmeesmessseessesssssssssesssessssssssssssssssssees 6-35
Exhibit 6-33 Bi-directional Operation Example (EUZENE) .....ccorverreerrreemeemremsrermreesseeeseeesseenns 6-36
Exhibit 6-34 General Planning Guidelines for Bus Lanes on Urban Streets ........c.couee... 6-38
Exhibit 6-35 Degree of Bus Lane IMPACES ......ccoeereeeeesmesssessseessesssssssssssssssssssssssssssssssees 6-39
Exhibit 6-36 Observed Travel Time Savings with Urban Street Bus Lanes.......cccouuee.. 6-39
Exhibit 6-37 Observed Reliability Improvements with Urban Street Bus Lanes ........... 6-40
Exhibit 6-38 Types of Bus Signal Priority SYStEMS ......ccccrereermeermeersmersseesssesssssesssesssessaees 6-41
Exhibit 6-39 Bus Signal Priority Concept—Red Truncation and Green Extension ....... 6-42
Exhibit 6-40 Special Bus Left-Turn Phasing EXamples.......oeeeeeressessesseeenens 6-42
Exhibit 6-41 Optical TSP System EXample........ooenenineneeseeeseseseesssesesssesseessesessesnns 6-43
Exhibit 6-42 Summary of TSP Benefits and IMPacts .......couweeeemeermeeessemenmeesssesssssesssesssesssees 6-45
Exhibit 6-43 Right-Turn Lane Queue JumpP ProCess .....ereeeneeseesmersessessseessssesseenss 6-46
Exhibit 6-44 Example Queue Jump Applications with Bus Lanes.......nenennes 6-47
Exhibit 6-45 Boarding Island EXample........ceeeneeesseesseesssssssssesssessseessesssseenss 6-49
Exhibit 6-46 Curb EXtension EXamples...... s sssssssssssssssssssssnes 6-50
Exhibit 6-47 Bus Preferential Treatments COMPAriSON ... ereeeseesssesssessssesssesssessssees 6-52
Exhibit 6-48 Bus Stop Spacing Patterns IIJustrated.........ccooemeerneeeseeseernsernseeseesseeeseeesseenns 6-55
Exhibit 6-49 Example Skip-Stop Pattern and Signing........cooeneenenenmeesneesseeeseseseenns 6-56
Exhibit 6-50 Examples of Bus Exemptions from Movement Restrictions.........c..cooueeeees 6-58
Exhibit 6-51 Yield-to-Bus Law Notification EXamples......cmeenenmsessnees 6-59
Exhibit 6-52 Bus Operations Tool COMPATiSON ....c.weereerermeresseesseesseessseesssesseesssessessesssseenss 6-59
Exhibit 6-53 Bus Capacity Methodology FIOWChart.........ocneemecrreeeneemeernsersenseesseeeseeesseenns 6-60
ExXhibit 6-54 BUS LANE TYPES cecuureuienrereereerseesessseessesesssssseessess s st sesssessssssssssssssssssssesssessssesans 6-63
Exhibit 6-55 Statistical Basis of FAilure Rate........eerenmeeneereessessssesssesssesssssssssssees 6-65
Exhibit 6-56 Values of Z Associated with Given Failure Rates........inns 6-65
Exhibit 6-57 Illustrative Relationships Between Failure Rate, Operating Margin,

and Design Loading Area Bus Capacity .......coeeeeneesnseeseeessseseesseessessnnes 6-66
Exhibit 6-58 Percent Passengers Using Busiest Bus Door Channel

(NO Fare Payment) .....cocereereeneeseesseersnessesssesssesssessssssssessesssessesssesssssssssssessanes 6-68
Exhibit 6-59 Average Bus Reentry Delay (Stops Not Near Traffic Signals) .......ccccnneeen. 6-73
Exhibit 6-60 Default Through Movement Saturation Flow Rates (veh/h of green)...... 6-74
Exhibit 6-61 Illustrative Queue Service Delays (s) (100-s Cycle Length)....cccooueereeereenn. 6-75
Exhibit 6-62 Illustrative Reentry Delay Dy Case.......crnienmeeneceneeenseeeessesssessssessessesssseenns 6-77
Exhibit 6-63 Efficiency of Multiple Linear Loading Areas at Bus StOpS.......ccueeeereeennens 6-78
Exhibit 6-64 Examples of Auto Turning Conflicts with BUSES.......cccuuenmrenreneennerecererenneenne 6-79
Exhibit 6-65 Right-Turn Vehicle Capacities ¢, for Planning Applications (veh/h)....... 6-79

Contents Page 6-iv Chapter 6/Bus Transit Capacity



Transit Capacity and Quality of Service Manual, 3" Edition

Exhibit 6-66 Bus Stop LOCAtion FACLOT fl..rereerneereeesseesssessssessseesssesssssssssessssessssssssssssssees 6-80
Exhibit 6-67 Typical Values of Adjustment Factor fx

for Availability of Adjacent Lanes.......oeeeneeseessnmessseesseessseessessssessans 6-83
Exhibit 6-68 Values of Adjustment Factor fi for Type 2 Bus Lanes with Alternate

TWO-BIOCK SKiP-StOPS.cceuremrremeereerrerseesseesseeeseesseesssessessssessesssessseessssssssssssssssesanes 6-83
Exhibit 6-69 Bus Speed Methodology FIOWChart.....enninenecesereseeseesseessesssessesseees 6-86
Exhibit 6-70 Illustrative Unimpeded Running Time Rates (min/mi): CBD ......cccconurnnece. 6-89
Exhibit 6-71 Illustrative Unimpeded Running Time Rates (min/mi):

SUDUTIDAN ATTETTal. .ttt s e esasss s 6-89
Exhibit 6-72 Illustrative Unimpeded Running Time Rates (min/mi): Busway.............. 6-90
Exhibit 6-73 Estimated Bus Running Time Losses ¢; on Urban Streets (min/mi).......... 6-90
Exhibit 6-74 Illustrative Skip-Stop Speed Adjustment Factor Values.......couuneerneerneens 6-92
Exhibit 6-75 Bus-Bus Interference Factor fip ValUes .....nnieoneeneceneeenneeseesseesnesssessessnenes 6-93

Exhibit 6-76 Calculation Example: Summary of Existing Bus Stop Characteristics ....6-104
Exhibit 6-77 Calculation Example: Average Boardings and Alightings

022 ol S A DIl 0} 2] o ) PP 6-104
Exhibit 6-78 Calculation Example: Average Boardings and Alightings

by Door Channel—Existing CONditions..........ccueneneenseeseesseesssesnsesneees 6-105
Exhibit 6-79 Calculation Example: Average Passenger Flow Time

by Door Channel (s)—EXxisting Conditions .........ceeeeenneennesneees 6-106
Exhibit 6-80 Calculation Example: Average Dwell Time by Stop (s)

—EXiStiING CONAILIONS ..ccouiveieereeereeeereseesseseess e sese s ssssssss s sasesseses 6-106
Exhibit 6-81 Calculation Example: Reentry and Clearance Times by Stop (s)

—EXiStiING CONAILIONS ..ccouiveieereeereeeereseesseseess e sese s ssssssss s sasesseses 6-108
Exhibit 6-82 Calculation Example: Loading Area Capacity by Stop (bus/h)

—EXiSting CONAItIONS ...couereeereerreerseeeseessseseersesse s e sesssessssessessssesssesssessseees 6-108
Exhibit 6-83 Calculation Example: Bus Stop Capacity—Existing Conditions ............... 6-109
Exhibit 6-84 Calculation Example: Average Boardings and Alightings

by Door Channel (5)—Pay-0n-EXit.......cmneneeneseseessessesneees 6-113
Exhibit 6-85 Calculation Example: Average Passenger Flow Time

by Door Channel (5)—Pay-0n-EXit.......cmneneeneseseessessesneees 6-114
Exhibit 6-86 Calculation Example: Average Dwell Time by Stop (s)

P AY-0N-EXIt ittt et 6-115
Exhibit 6-87 Calculation Example: Summary of Impacts—Pay-on-Exit .......ccccconrenneens 6-115
Exhibit 6-88 Calculation Example: Bus Stop Group Capacities (bus/h)

——SKIP SEOPS couurererrnersrsesssssesssssessssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssnes 6-116
Exhibit 6-89 Calculation Example: Summary of Impacts—SKip Stops ......ccoueeeereeerreeenn. 6-117
Exhibit 6-90 Calculation Example: Loading Area Capacity by Stop (bus/h):

DeSign OPHION 1 ...t ssssssss s ssessssssssses 6-118
Exhibit 6-91 Calculation Example: Summary of Design Option 1 Impacts .......ccuenreeen. 6-118

Chapter 6/Bus Transit Capacity Page 6-v Contents



Transit Capacity and Quality of Service Manual, 3" Edition

Exhibit 6-92 Calculation Example: Traffic Blockage Factor f; by Stop (veh/h)............ 6-119
Exhibit 6-93 Calculation Example: Summary of Design Option 2 Impacts,

NO SKip-Stop OPEration ... reeenmeeseeseeseesssessesssessseessssessesssesseesssssessens 6-119
Exhibit 6-7m Estimated Average Bus Speeds on Grade-Separated

BUSWAYS (KM /N et ssssssssssssssssssssssssssssssssssssssssssns 6-125
Exhibit 6-73m Estimated Base Bus Running Time Losses, ¢; (min/km) ... 6-125
Exhibit 6-B1 Sample Passenger Service Time Data Collection Sheet........cooreenrrenrernnens 6-127
Exhibit 6-B2 Sample Dwell Time Data Collection Sheet.......nneenseseseenes 6-128

Contents Page 6-vi Chapter 6/Bus Transit Capacity



Factors that influence
bus capacity also
influence bus speeds
and reliability—issues of
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transit agency. See
Chapter 3 for a
discussion of these
relationships.
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1. INTRODUCTION

As discussed in Chapter 3, Operations Concepts, bus capacity is not just an interest
of high-ridership, major-city bus systems. The factors that ultimately determine the
capacity of a service or facility—dwell time, traffic signal timing, and so on—also affect
passenger quality of service elements such as travel speed and travel time reliability, as
well as a service provider’s operations costs. These are issues of concern to any size
transit agency.

Bus capacity, speed, and reliability address the movement of both buses and the
movement of people within those buses:

e (apacity deals with how many people and buses can move past a given location
during a given time period under specified operating conditions; without
unreasonable delay, hazard, or restriction; and with reasonable certainty.

e Speed deals with how quickly people and buses can move from one location to
another.

e Reliability deals with how well the bus schedule can be maintained.

Bus capacity, speed, and reliability are influenced by the timing, location, and
magnitude of passenger travel demands; by external factors such as traffic signal timing
and traffic congestion along the roadways used by buses; and by a transit agency’s
operating budget and service policies, which influence bus frequencies and allowed
passenger loads, among other things. Ultimately, bus capacity is constrained by (a) the
ability of bus stops and facilities to serve buses and their passengers, (b) the number
and type of buses operated, and (c) the distribution of passenger demand.

Chapter 6 of the Transit Capacity and Quality of Service Manual (TCQSM) presents
methods for calculating fixed-route bus capacity and speed for a variety of facility types,
and provides a summary of the current state of knowledge about factors influencing
service reliability.

e Section 2 provides bus-specific speed and capacity concepts, building upon the
general concepts information presented in Chapter 3, Operations Concepts. It
also presents capacity values suitable for planning analyses.

e Section 3 is an overview of transit preferential treatments (infrastructure
improvements) that can improve bus capacity, speed, reliability, or a
combination of these.

e Section 4 describes operational tools available to transit agencies that can
improve bus capacity, speed, and reliability.

e Section 5 presents a computational procedure for estimating bus capacity.

e Section 6 presents a computational procedure for estimating average bus
speeds.

e Section 7 describes current knowledge about the factors that affect bus
reliability.

e Section 8 presents potential applications of this chapter’s methods to a variety
of questions that transit agencies may face.

Chapter 6/Bus Transit Capacity Page 6-1 Introduction
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e Section 9 provides a comprehensive example of the calculations involved in
performing bus capacity and speed analyses.

e Appendix A provides substitute exhibits in metric units for selected exhibits that
use U.S. customary units.

e Appendix B provides a standardized procedure for collecting bus dwell time
data in the field.

e Appendix C discusses the effects of bus bunching on bus capacity.

HOW TO USE THIS CHAPTER

The early sections of this chapter, Sections 2-4, provide bus-specific concepts that
support the computational methods presented later in the chapter, but which are also
intended to be a useful resource for a wide range of transit and transportation
professionals. Section 8, describing applications of this chapter’s methods, is written
with both non-technical and technical audiences in mind.

Sections 5 and 6 provide step-by-step guidance for performing bus capacity and
speed evaluations, and Section 9 gives examples of the calculations involved. Although
capacity may not be the ultimate output of an analysis, it is a necessary input to this
chapter’s speed estimation procedures. Buses interfere with each other as the number
of buses using a facility approaches the facility’s maximum capacity, thereby reducing
average bus speeds. Analysts should be familiar with these sections prior to using the
spreadsheet that implements these methods, found on the accompanying CD-ROM.
Although Section 7 is less mathematical, as insufficient research exists to present a
computational method for estimating bus reliability, this section is also intended
primarily for analysts.

Appendix B serves as a resource to those who wish to collect bus dwell time data in
the field. Appendix C supplements Sections 5 and 7 with information on bus bunching
that, while theoretically sound, has not yet been confirmed through field testing.

OTHER RESOURCES
Other TCQSM material related to bus capacity includes:

e The “What’s New” section of Chapter 1, User’s Guide, which describes the
changes made in this chapter from the 2nd Edition.

e Chapter 2, Mode and Service Concepts, which defines and illustrates the various
bus submodes and typical service patterns.

e Chapter 3, Operations Concepts, which defines capacity and presents general
capacity, speed, and reliability concepts applicable to all transit modes.

e The “Passenger Load” section of Chapter 5, Quality of Service Methods, which
serves as a resource for determining the standing capacity of a bus at a design
passenger loading level.

e Chapter 10, Stop and Station Capacity, which provides a method for sizing off-
street bus facilities.

e The TCQSM’s CD-ROM, which includes a bus speed and capacity spreadsheet and
links to electronic versions of all of the TCRP reports referenced in this chapter.
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Delay affects bus speeds
(a quality of service
issue) and, ultimately,
the cost to operate a
bus route.

Exhibit 6-1

Sources of Bus Delay
Associated with Bus
Stops
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2. FUNDAMENTALS

SOURCES OF BUS DELAY

Delay Associated with Bus Stops

Without passengers to serve, there would be no point in operating bus service.
However, each stop that a bus makes along its route requires time, which affects (a)
how fast the route operates, which influences (b) how many buses are required to
operate the route, which in turn ultimately sets (c) the cost of operating the route.
Therefore, setting bus stop locations requires balancing passenger convenience (which
affects ridership) with transit agency operating needs.

Exhibit 6-1 lists the main sources of delay to a bus each time it serves a bus stop,
relative to proceeding down the street without stopping. Each of these sources of delay
is discussed in more detail following the exhibit.

Source of Delay Description Depiction Typical Values
Deceleration Extra time spent slowing to J 4.5 s while slowing from
serve a stop, compared to 25 mi/h (40 km/h)
— g

Bus stop failure

Boarding lost time

Passenger service

(dwell time)

Traffic signal delay

Reentry delay

Acceleration

proceeding at the bus’ running
speed past the stop

Bus arrives at a stop to find all
loading areas occupied,
forcing the bus to wait until
other buses leave the stop

Time spent waiting for
passengers to walk to the bus
door(s) from their waiting
position at the stop

Time spent opening and
closing bus doors, plus time
spent for passenger flow onto
and off the bus

Time spent waiting for a green
light after passenger flow has
been completed

Time spent waiting for a gap
to pull back into traffic from
the bus stop

Extra time spent speeding up
to running speed, compared
to proceeding past the stop at
the bus’s running speed

Up to the dwell time and
signal delay time of the
buses already using the
stop

Stops with 1 loading
area: none

Stops with 3 loading
areas: 2.5-9 s, depending
on loading area position
Minor stop: 10 s

Major downtown stop,
transit center, park-and-
ride: 60 s

0-70 s, depending on
when the bus is ready to
depart and the traffic
signal cycle length

0-10 s (unsignalized
locations), 0 s up to
length of green interval
(at traffic signals)

5.5 s during acceleration
to 25 mi/h (40 km/h)
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It can be seen from Exhibit 6-1 that dwell time and traffic signal delay are typically
the largest contributors to the delay associated with serving a bus stop. However, over
the course of a bus route with many stops, even relatively small delays can add up to
significant time losses.

Deceleration and Acceleration Delay

It takes time for a bus to slow from its running speed to serve a bus stop, and
additional time to accelerate back to its running speed after serving the stop. At a
comfortable deceleration rate of 4.0 ft/s2? (1.2 m/s?) and a typical 40-ft (12-m) diesel
bus acceleration rate of 3.3 ft/s2 (1.0 m/s2) to 25 mi/h (40 km/h), a bus takes
approximately 10 s longer to travel the same distance, compared to proceeding past the
bus stop without stopping. This delay is incurred

e Always, at far-side stops at signalized intersections, and at all other bus stops
where the bus would not otherwise be required to stop by a traffic control
device;

¢ Sometimes, at near-side stops at signalized intersections and roundabouts,
where the bus might have been required to stop anyway due to a traffic control
device (traffic signal or YIELD sign); and

e Never, at bus stops located on the near side of a STOP-controlled intersection
approach, as the bus would have had to stop anyway for the STOP sign.

The average acceleration characteristics of a bus are dependent on the ultimate
speed reached (average acceleration rates are lower when accelerating to higher
speeds) and on the bus’s propulsion system characteristics. Exhibit 6-2 provides
examples of various buses’ acceleration characteristics.

Average Time to Reach Speed (s) Average Acceleration to Speed (ft[szl
Bus Type 10 mi/h 20 mi/h 50 mi/h 20 mi/h 50 mi/h
40-ft standard diesel 5.0 8.7 33.2 3.4 2.2
45-ft motor coach diesel 4.0 7.4 27.1 4.0 2.7
60-ft articulated diesel 4.0-4.7 9.1 42.3-43.6 3.2 1.7
Double deck diesel 6.2 10.4 43.6 2.8 1.7
60-ft articulated hybrid 3.8 8.6 35.2 3.4 2.1

Source: TCRP Synthesis 75 (1).

Diesel motor coaches have better acceleration characteristics than other types of
diesel-powered transit buses, particularly to high speeds, and this is one reason why
these buses are frequently used for commuter bus service that typically operates at
freeway speeds. Higher-capacity diesel buses have generally comparable acceleration
characteristics to standard diesel buses when accelerating to downtown street speeds,
but have worse acceleration when accelerating to higher speeds. However, 60-ft (18-m)
articulated hybrid electric buses have acceleration performance that equals or exceeds
that of typical 40-ft standard diesel buses.

Regardless of size or propulsion system, buses have a lower average acceleration
rate to freeway or grade-separated busway speeds than to urban street speeds.

Dwell time and traffic
signal delay are the
largest contributors to
bus stop delay.

At urban street speeds,
acceleration and
deceleration delay
amounts to about 10 s
per stop where the bus
would not have had to
stop anyway due to
traffic control.

Exhibit 6-2
Bus Acceleration
Characteristics

Acceleration and
deceleration delay
associated with grade-
separated busway
speeds is at least 25 s
per stop.
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A loading area is a
curbside position where
a single bus can load
and unload passengers.
Bus stops are formed
from one or more
loading areas.

Bus stop failure is
undesirable from both
bus and traffic
operations standpoints,
but is also unavoidable
during near-capacity
operating conditions.

Exhibit 6-3
Bus Stop Failure
Illustrated

Boarding lost time
occurs at larger bus
stops with multiple
loading areas, when
there is a delay between
the doors opening and
the first passenger
arriving to board the
bus.
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Bus Stop Failure

A bus stop served by a large number of buses can experience a condition known as
bus stop failure, where a bus arrives at a stop only to find that all available loading areas
are already being used or are blocked by other buses. In this case, the bus must wait in
the street for a loading area to open up, which may not occur until all of the buses
already at the stop have finished serving their passengers and (at the near side of a
signalized intersection) have a green signal enabling them to proceed down the street.

Bus stop failure is undesirable from a bus operations standpoint, as it negatively
affects bus reliability and speed. (Although bus stop throughput is maximized when the
next set of buses is already waiting to use the stop, this benefit is more than offset by the
speed and reliability impacts.) Bus stop failure is also undesirable from a traffic
operations standpoint, as the bus(es) sitting in the street waiting to enter the bus stop
block other vehicles using the street. This condition is particularly undesirable at far-
side stops, as the buses and other vehicles that are blocked may form a queue that
blocks the intersection. Exhibit 6-3 illustrates an extreme case of bus stop failure caused
by the a lack of a passing lane at a BRT station.

Boarding Lost Time

When passengers wait at bus stops with multiple loading areas, such as those found
at high-volume BRT stations served by multiple routes, they do not know in advance
which loading area their bus will stop at when it arrives. Because a bus will use the
frontmost loading area that is available when it arrives, passengers will tend to wait in a
location that minimizes their potential walking distance. When a bus arrives, there is a
typically a delay, or boarding lost time, from the time the bus doors open and when the
first passengers arrives to board the bus, depending on where the passengers were
waiting relative to where the bus stopped, how quickly they could determine where the
bus would stop, and how crowded the platform area was.

Passenger waiting patterns were studied at a busway station in Brisbane, Australia
with three loading areas. This study found that passengers tended to concentrate within
half a loading area length of the front of the second loading area—the point where the
door of the second bus would be located. Once this optimal area became too crowded,
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passengers first spilled toward the front loading area and, later, toward the rear loading
area, but would move into the optimal area when an opportunity presented itself (2).

The amount of boarding lost time was found to vary by loading area position and
platform crowding level, with median values ranging from 2.4 to 3.5 s and 85th-
percentile values ranging from 4.5 to 8.8 s for the stop with three loading areas. Lower
platform crowding levels resulted in higher average boarding lost times, as the benefit
of faster walking speeds resulting from less crowding was more than offset by a greater
percentage of passengers being able to wait in the optimal location, resulting in the first
boarding passenger having walked longer on average to a bus arriving at the first or
third loading area than under more crowded conditions (2).

Dwell Time

Dwell time is the time a bus spends serving passenger movements, including the
time required to open and close the bus doors and boarding lost time. Any extra time
the bus spends sitting with the doors open while waiting for a green light after all
waiting passengers have been served is part of signal delay time. Door opening and
closing time depends on the mechanical properties of a given bus model’s doors and
whether the bus’s kneeling mechanism is used, but typically totals 2 to 5 s (3, 4).

Passenger service time is the largest component of dwell time and is influenced by
the following factors:

e Passenger demand. The more people that wish to get on and off the bus, the
longer it will take to serve them.

e Fare payment. The time required to pay a fare is a major influence on the time
required to serve each boarding passenger. Smart card fare payment systems
that require passengers to “check out” when leaving the bus will also affect the
time to serve alighting passengers.

e Vehicle configuration. A bus’s floor height relative to the platform level affects
service time, as having to ascend or descend steps takes more time than level
boarding. If the fare payment system allows passengers to use any door or door
channel, then buses with more doors, wider doors, or both, can process
passengers faster than buses with fewer or narrower doors.

e Passenger load. When standing passengers are present on a bus, it takes more
time for boarding passengers to clear the farebox area, making it available for
the next passenger to board. Standees can also interfere with the movement of
alighting passengers trying to reach a door.

e Door usage. Alighting passengers that exit through the front door delay the start
of the boarding process. Boarding passengers that block doors used by alighting
passengers slow down the alighting process.

e Platform configuration. Missing sidewalks or landing pads at bus stops may
require the rear bus door(s) to remain closed, concentrating passenger activity
at the remaining doors.
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Each loading area in the
Brisbane study was
marked with striping for
bus drivers and signs for
waiting passengers,
allowing buses to stop
at consistent locations.
Electronic next-arrival
signs let passengers
know when to expect
their bus.

The TCQSM defines
dwell time as the sum of
passenger service time,
boarding lost time, and
door opening and
closing time.

Many factors influence
passenger service time,
which is the largest
component of dwell
time.
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Dwell time can vary
significantly from one
bus to the next serving a
stop.

Section 5 provides
estimates of the time
required for loading
wheelchairs and
bicycles.

Most activities that
create extra-long dwell
times compared to the
average occur randomly
and are treated in
addition to dwell time.
An operating margin is
used to adjust capacity
to reflect longer-than-
average dwells.

Exhibit 6-4
Individual Passenger
Service Times (Level
Boarding)
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Dwell time can vary significantly from one bus to the next, due to variations in
passenger demand between routes serving a given stop, variations in demand from one
trip to the next on a given route, and variations in the time required to serve a given
number of passengers. Potential sources of the latter type of variation include:

e Passengers with mobility aids, strollers, luggage, etc. that take significantly
longer to board and alight than the average passenger;

e Standing loads on some arriving buses that result in longer passenger boarding
and alighting times;

e Passengers loading and unloading bicycles from bus-mounted bicycle racks;
e Passenger questions to the bus driver; and

e Fare payment issues (e.g., defective fare media, passengers fishing for change or
farecards in their pockets).

In most cases, these activities occur relatively randomly and are treated in addition
to average dwell time. It is nevertheless important to account for them, as unexpectedly
long dwell times can result in bus stop failure when the number of buses using a bus
stop approaches its capacity. The TCQSM’s method for estimating a bus stop’s design
capacity uses the concept of operating margin—extra time allotted in consideration of
longer-than-average dwells—to account for these random delays.

Exhibit 6-4 shows average passenger service times associated with level boarding
using a variety of fare payment methods. Level boarding is increasingly becoming the
standard for bus operations—either through the use of low-floor buses or through
raised platforms in the case of some BRT systems—as it provides faster boarding for all
passengers, and particularly for passengers with mobility aids. When non-level
boarding is required, add 0.5 s/p to the times shown in Exhibit 6-4 for standard stairs
(5) and 1.0 s/p for the steep stairs typically found on motor coaches.

Average Passenger Service Time (s/p)

Situation Observed Range Suggested Default

BOARDING
No fare payment 1.75-2.5 1.75
Visual inspection (paper transfer/flash pass/mobile phone) 1.6-2.6 2.0
Single ticket or token into farebox 2.9-5.1 3.0
Exact change into farebox 3.1-84 4.5
Mechanical ticket validator 3.5-4.0 4.0
Magnetic stripe card 3.7-6.5 5.0
Smart card 2.5-3.2 2.75

ALIGHTING
Front door 1.4-3.6 2.5
Rear door 1.2-2.2 1.75
Rear door with smart card check-out 3.4-4.0 3.5

Sources: Jaiswal (2), TCQSM 2nd Edition (5), Milkovits (6), Diaz and Hinebaugh (7), additional research for the
TCQSM 2nd and 3rd Editions.

Note: Add 0.5 s/p to boarding times when standees are present. Add 0.5 s/p for non-level boarding (1.0 s/p
for motor coaches).
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As can be seen from Exhibit 6-4, fare collection activities can sometimes more than
double the minimum passenger service time. The placement of the fare collection
device(s) and their ease of use has an impact on service times (6), as does the
complexity of fare payment (e.g., paying with several bills and coins, as opposed to one
or two coins) and the susceptibility of fare media to damage (e.g., magnetic-stripe
tickets). The information in Exhibit 6-4 can be used to estimate changes in dwell time
(and, ultimately, changes in bus travel speeds and route cycle times) associated with
changes in fare collection methods and the vehicle-platform interface.

Traffic Signal Delay

A traffic signal located in the vicinity of a bus stop and its loading areas will serve to
meter the number of buses that can enter or exit the stop. For example, at a far-side stop
(or a mid-block stop downstream from a traffic signal), buses can only enter the stop
during the portion of the hour when the signal is green for the street that the stop is
located on. The lower the green time provided to the street, the lower the capacity, and
the longer a bus is likely to wait if it has to wait for the traffic signal to turn green again.

Similarly, at a near-side stop, a bus may finish loading passengers but have to wait
for the signal to turn green before leaving the stop. As a result, the bus occupies the stop
longer than if it would have if it could have left immediately, and capacity is lower as a
result. Due to the nature of bus operations, shorter traffic signal cycle lengths offer more
opportunities for buses to move through a given signal during the course of an hour. In
comparison, at unsignalized locations well away from the influence of upstream traffic
signals, buses can enter and exit stops immediately, subject to traffic conditions
(accounted for by clearance time, discussed in the next subsection) .

The effect of traffic signals is accounted for by the green time ratio (g/C ratio), which
is the average amount of effective green time for the traffic movement used by buses,
divided by the traffic signal cycle length (the time required to display a complete
sequence of traffic signal indications). For example, if traffic moving parallel to a
particular bus stop receives a green signal for an average of 54 s, and the total cycle
length is 120 s, the g/C ratio at that stop is 54 divided by 120, or 0.45. The g/C ratio at
unsignalized locations well away from the influence of traffic signals is 1.00, because
bus access to the stop or its loading areas is not metered by a signal.

The combination of traffic signal cycle length and g/C ratio directly affect potential
bus delay at a traffic signal. At the traffic signal described above with a 120-s cycle
length and a 0.45 g/C ratio, a bus could potentially be delayed up to 66 s if it arrives just
as the signal turns red. Shorter cycle lengths reduce the potential delay—for example,
the maximum bus delay would be about 34 s with a 75-s cycle and a 0.45 g/C ratio.
Longer g/C ratios also reduce potential delay, but to a lesser degree. The purpose of
transit signal priority (TSP) treatments (discussed in detail in Section 3) is to minimize
these delays, typically by holding the signal green a little bit longer to allow a bus to
make it through the intersection, or by returning to green sooner to reduce delay to
buses already stopped at an intersection.
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Exhibit 6-4 can be used
to evaluate the dwell
time and bus speed
impacts of changing
fare collection methods.

The route cycle time is
the time required for a
transit vehicle to make
one round trip on a
route. Along with
frequency, it determines
how many vehicles are
required to operate a
route—and the cost.

The traffic signal cycle
length is the time
required to display a
complete sequence of
traffic signal indications.
Shorter cycle lengths are
generally better for bus
operations, as long as
sufficient intersection
capacity is maintained.
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Long traffic signal cycle
lengths can promote
bus bunching,
particularly when
headways are twice the
traffic signal cycle
length or less.

Exhibit 6-5
On-Line and Off-Line
Loading Areas
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Bus operations are not the only consideration in setting traffic signal cycle lengths.
Intersection capacity must also be considered, as insufficient capacity creates queues of
vehicles that can delay buses trying to approach the intersection. Coordination with
other nearby traffic signals is also considered, as is the minimum amount of time
needed to serve pedestrian crossing movements. Nevertheless, minimizing the traffic
signal cycle length to the extent possible helps reduce bus delay and improve overall
bus speeds. In addition, which bus service on a route is frequent (i.e., particularly when
headways are twice the traffic signal cycle length or less), long traffic signal cycle
lengths can promote the formation of bus bunching, as a bus that misses a green light
suddenly ends up a minute or more closer to the bus behind it.

Bus Stop Position

The position of a bus stop relative to the traffic lane affects how easily buses can
reenter traffic and continue on their route. The TCQSM defines two bus stop positions:
on-line, where buses stop in the traffic lane, and off-line, where buses pull out of the
traffic lane (e.g. into the parking lane or a bus pullout). These are illustrated in Exhibit
6-5.

(a) On-line (Portland) (b) Off-line (Albuquerque)

With an on-line stop, a bus can resume its route as soon as all passengers have been
served and the traffic signal (if present) allows it to proceed. Buses experience no
reentry delay with on-line stops. However on-line stops also require vehicles behind the
bus to go around the bus (if possible) or to wait until the bus moves to proceed. Some
transit agencies (as well as some roadway agencies) require off-line stops when traffic
speeds are high (typically above 35 or 40 mi/h [60 or 70 km/h]) for safety reasons.
They may also require an off-line stop after several on-line stops on roadways without
passing opportunities, to minimize the build-up of vehicles behind the bus and the
potential for illegal or unsafe passing maneuvers.

With an off-line stop, and in the absence of yield-to-bus laws, a bus must wait for a
gap in traffic before it can reenter the traffic lane and resume its route. At bus stops
located at unsignalized locations, this delay typically ranges from 0-10 s, depending on
traffic volumes, but can be significantly longer at near-side stops at traffic signals, when
the bus has to wait for a long queue of vehicles to clear. As discussed in Section 4, yield-
to-bus laws offer the potential to reduce reentry time, depending on motorist
compliance with the law. Some transit agencies in jurisdictions without yield-to-bus
laws use stickers or signs on the back of the bus to encourage motorists to let the bus
back into traffic (8). Queue jumps, discussed in Section 3, are another potential tool for
addressing reentry delay.
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Bus Facility Influences on Delay

In addition to delays associated with individual stops, the roadway facility on which
buses operate also contributes delays that affect bus speed, capacity, or both. The most

important factors are:

e Stop spacing—how often a bus must stop as it travels along a facility;

e Exposure to general traffic—the less exclusive the facility, the more buses are
exposed to delays caused by other traffic using the facility;

e Facility design—in particular, the lack of ability for buses to move around each
other or other traffic; and

e Bus operations—the number of buses scheduled relative to capacity and how
buses and routes are organized.

Stop Spacing

As was seen previously, each stop that a bus makes to serve passengers causes the
bus to experience some delay. Even in the absence of traffic and traffic signal effects, a
bus incurs a minimum of 15 s of delay with each stop on an urban street just to

decelerate, open and close the bus doors, and accelerate back to speed. The more a bus
stops, the more these delays add up.

Increasing the spacing between stops reduces the overall delay incurred. Even
though dwell times will increase at the remaining stops, the overall time saved will
result in an improvement in speed. Exhibit 6-6 shows an illustrative case showing the
improvement in average bus speed in mixed traffic as stop spacing goes from 12
stops/mi (approximately every 135 m), with a dwell time of 10 s, to 4 stops/mi (every
400 m), with a proportional increase in the number of passengers served per stop.
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Notes:  Calculated using this chapter’s bus speed methodology. Assumes a 15-s dwell time at 12 stops/mi, 3.4
ftY/s acceleration, 4.0 ft*/s deceleration, 25 mi/h posted speed, mixed traffic operations within the
central business district (CBD), and a proportional increase in passenger service time as stop spacing
increases. Assumes scheduled bus volumes are less than half the facility’s capacity.
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Increasing stop spacing
improves overall bus
speeds, even though
dwell times increase at
the remaining stops.

Exhibit 6-6
Illustrative
Relationship of Stop
Spacing and Speed
(Urban Street, Mixed
Traffic)
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Exhibit 6-7

Estimated Average
Bus Speeds on Grade-
Separated Busways

(mi/h)
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The ability to increase stop spacing depends in part on the quality of the pedestrian
network in the area—can pedestrians safely and directly walk to the next-closest stop?
It may also depend on the characteristics of the passengers using the stop—for example,
persons with limited mobility may find it difficult to walk to the next stop. Finally, local
residents may object to losing “their” stop. However, in many cases, the extra time spent
walking to another stop will be more than made up with time savings during the trip on
the bus, when a stop consolidation program is implemented along an entire route.

Exhibit 6-7 presents average travel speeds for buses operating on grade-separated
busways for a variety of average dwell times and stop spacings. Because buses
accelerate more slowly to busway speeds than to urban street speeds, each stop
produces a minimum of 25 s of delay in addition to the time required to serve
passengers. The expected pattern of lower speeds with more frequent and longer stops
is also seen here.

Average Stop Average Dwell Time (s)
Spacing (mi) 0 15 30 45 60
50 mi/h RUNNING SPEED
0.5 31 23 20 17 15
1.0 38 32 28 25 23
1.5 42 36 33 30 28
2.0 43 39 36 34 31
2.5 44 41 38 36 34
55 mi/h RUNNING SPEED
0.5 32 24 20 17 15
1.0 41 33 29 26 23
1.5 44 38 34 31 29
2.0 47 41 38 35 33
2.5 48 43 41 38 36
60 mi/h RUNNING SPEED
0.5 33 24 20 17 15
1.0 43 34 30 26 24
1.5 47 40 36 33 30
2.0 50 43 40 37 34
2.5 52 46 43 40 37

Source: Calculated using this chapter’s methods.
Note: Assumes average 2.2 ft/s” acceleration and 4.0 ft/s” deceleration rate (40-ft standard diesel bus).

Use the zero dwell time column for express buses slowing, but not stopping at stations (25 mi/h station
speed limit and 325-ft-long speed zone through station assumed). Assumes passing lane available for
non-stopping buses and no at-grade pedestrian crossings within the station.

A metric version of this exhibit appears in Appendix A.

Exposure to General Traffic

As was discussed in Chapter 2, Mode and Service Concepts, transit facilities can be
classified into four main types of operating environments that describe how much
protection transit vehicles have from other vehicles:

e (rade separated—Only other transit vehicles use the facility and there are no
interactions with other vehicles along the facility. Bus facility examples include
grade-separated busways and freeway managed lanes that are reserved for
buses only.
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e Exclusive—Only other transit vehicles use the facility, but interactions with
other vehicles occur where the facility is crossed by other roadways. Exclusive
bus lanes are an example of this type of facility.

e Semi-exclusive—Similar to exclusive facilities, but other vehicles are allowed to
use the facility under certain circumstances. Bus facility examples include
exclusive bus lanes that allow right-turning traffic to use the lanes at
intersections and freeway managed lanes that also allow carpools or vehicles
that have paid a toll.

e Mixed traffic—Buses operate in the same lanes as other traffic and are exposed
to a wide range of potential traffic-related delays.

Facility Design

Two other aspects of facility design influence how much other traffic sharing
roadway lanes with buses interferes with bus operations: (a) bus stop location and (b)
bus ability to pass.

Bus Stop Location

As shown in Exhibit 6-8, on-street bus stops can be located in three places relative
to an intersection—near side, far side, and mid-block. Under certain circumstances, such
as when buses share a stop with streetcars running in the center of the street, or when a
median busway exists, a bus stop may be located on a boarding island within the street
rather than curbside.

| 1 | Exhibit 6-8
_________ g e § o On-Street Bus Stop
] 1 | Locations

T ’ ot
Near side Mid-block Far side

Bus stop location influences bus speeds and capacity, particularly when other Far-side stops have the

vehicles can make right turns from the curb lane (which is typical, except for certain most beneficial effect on
kinds of exclusive bus lanes and at intersections with one-way streets where right turns bus speeds and

are prohibited). Far-side stops have the least negative impact on speed and capacity (as capacity, but other
long as buses are able to avoid right-turn queues on the approach to the intersection), factors must also be

considered when siting

followed by mid-block stops, and near-side stops. I ——

However, speed and capacity are not the only factors which must be considered
when selecting a bus stop location. Potential conflicts with other vehicles operating on
the facility, transfer opportunities, passenger walking distances, locations of passenger
generators, signal timing, driveway locations, physical obstructions, and the potential
for implementing transit preferential measures must also be considered.

For example, near-side stops are often preferable when curb parking is allowed,
since buses may use the intersection area—where cars would not be parking in any
event—to reenter the moving traffic lane. Near-side stops are desirable where buses
make a right turn, while far-side stops are desirable where buses make left turns. At
intersections with one-way streets, both traffic and transfer opportunities may need to
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be considered. If traffic on the one-way street moves from left to right, for example,
right-turning traffic volumes might suggest a far-side stop, while providing a convenient
transfer to routes on the cross street might suggest a near-side stop.

Mid-block stops are typically only used at major passenger generators or where
insufficient space exists at adjacent intersections (9). How passengers will cross the
street to get to or from a mid-block bus stop must be carefully considered.

Exhibit 6-9 compares the advantages and disadvantages of each kind of bus stop
location. Additional guidelines for the spacing, location, and geometric design of bus
stops are given in TCRP Report 19 (10). These guidelines must be carefully applied to
ensure both good traffic and transit operations.

Exhibit 6-9 Location  Advantages Disadvantages
On-Street Bus Stop FarSide e Minimizes conflicts between right-turning e Could result in traffic queued into intersection
Location Comparison vehicles and buses when a bus stops in the travel lane
e Provides additional right-turn capacity by e May obscure sight distance for crossing vehicles
making curb lane available for traffic. e May increase sight distance problems for
e Minimizes sight distance problems on crossing pedestrians
intersection approaches e Can cause a bus to stop far side after stopping
e May encourage pedestrians to cross for a red light, interfering with both bus
behind the bus, depending on distance operations and all other traffic
from intersection e May increase the number of rear-end crashes
e Buses can decelerate through the since drivers may not expect buses to stop again
intersection, so less curb space may be after stopping at a red light

needed for the bus stop

e Buses can take advantage of gaps in traffic
flow created at signalized intersections

e Facilitates bus signal priority operation, as
buses can pass through intersection before

stopping
Near -Side e Minimizes interferences when traffic is e Increases conflicts with right-turning vehicles
heavy on the far side of the intersection o ay result in stopped buses obscuring curbside
e Allows passengers to access buses close to traffic control devices and crossing pedestrians
crosswalk e May obscure sight distance for side street
e Intersection width available for bus to pull vehicles stopped to the right of the bus
away from the curb and accelerate e Increases sight distance problems for crossing
e Eliminates potential for double stopping pedestrians
e Allows passengers to board and alight e Complicates bus signal priority operation, may
while bus stopped for red light reduce effectiveness or require a special queue-
o Allows driver to look for oncoming traffic, jump signal if the stop is located in the parking
including other buses with potential lane or a right-turn lane
passengers e Potentially more difficult to merge back into
traffic at traffic signals, due to vehicle queues
Mid-Block e Minimizes sight distance problems for e Requires longer no-parking zone
vehicles and pedestrians e Encourages passengers to cross street mid-block
e May result in passenger waiting areas (jaywalking) when no mid-block crossing
experiencing less pedestrian congestion. opportunity provided

e Increases walking distance for passengers
crossing at intersections if no mid-block crossing
opportunity provided

Source: Derived from TCRP Report 19 (10).
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Special bus stops are sometimes located along freeway rights-of-way, usually at
interchanges or on parallel frontage roads. These stops are used to reduce bus travel
times by eliminating delays associated with exiting and reentering freeways. Freeway
stops should be located away from the main travel lanes and adequate acceleration and
deceleration lanes should be provided. To be successful, attractive and well-designed
pedestrian access to the stop is essential (9).

Off-street bus stops, such as transit centers and intermodal terminals, are often
designed based on factors other than capacity, including accommodating driver
layovers and separating a large number of routes so passengers can easily find their
desired buses. Chapter 10, Station Capacity, describes off-street bus stop design.

Bus Ability to Pass

A bus’ ability to pass obstacles in its lane, if a lane is available and traffic permits, is
the other facility-related design feature that affects capacity and speed. When a roadway
provides two or more lanes in the bus’ direction of travel (or, in the case of busways, a
passing lane is provided at stations), buses have the potential opportunity to pass other
vehicles stopped in their lane, including other buses. This ability decreases as the
adjacent lane fills with vehicles, leaving few gaps for buses to use to change lanes.

Bus Operations

Scheduled Volume Relative to Capacity

Once approximately half of a facility’s maximum bus capacity is reached,
interference between buses using the facility (e.g., an increase in passing activity)
causes speeds to drop. The effect becomes more pronounced once approximately 70%
of a facility’s maximum bus capacity is scheduled. Exhibit 6-10 illustrates the effects of
increasing bus lane volumes on bus speeds.
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Source: Calculated using this chapter’s bus speed methodology.

Notes:  Assumes 30-s dwell times, 25 mi/h running speed, CBD bus lane with right-turn delays, and typical
signal timing. v/c ratio = volume-to-capacity ratio.

Freeway bus stops.

Off-street bus stop
design is discussed in
Chapter 10.

Bus speeds drop once
about half of facility’s
maximum bus capacity
is used.

Exhibit 6-10
Illustrative Effect of
Bus Volume on Urban
Street Bus Speeds
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Bus Stopping Patterns

How buses are organized when using a facility also affects speed and capacity.
Platooning, where two or more buses travel the facility as a group, results in bus stops
being used more efficiently. Skip-stop operation, where bus routes are divided into two
or more groups that use separate sets of stops along the facility, allows many more
buses to share a facility than if all buses used the same set of stops. Both of these
techniques are described in more detail in Section 4 of this chapter.

FACTORS DETERMINING BUS CAPACITY

Capacity Calculation Process
Bus capacity is calculated for three key locations, illustrated in Exhibit 6-11:

1. Busloading areas (berths), curbside spaces where a single bus can stop to
load and unload passengers;

Bus stops, consisting of one or more adjacent loading areas; and

Bus facilities, continuous sections of roadways used by buses that include at
least one stop, but typically many more.

Exhibit 6-11 J i | | i |
Bus Loading Areas,
Stops, and Facilities - g """""""""""""""""""""""" g """"""""""

i
i
i
1

<+ F >
L = loading area, S = bus stop, F = bus facility

Loading Area Capacity

The capacity of a single loading area is a key input into determining the capacity of a
{ bus stop. Likewise, the capacity of the critical bus stop is a key determinant of the bus
Bus Stop Capacity faCility CapaCitY-

As is the case throughout the TCQSM, capacity can be determined for both vehicles
y (in this case, buses) and persons, and it can be determined both as a maximum capacity,
Bus Facility Capacity maximizing throughput without regard for reliability or operational issues, and as a
design capacity, the number of buses or persons that can be served at a desired quality
of service. When not specified otherwise, “capacity” means design capacity.

Loading Area Capacity
The capacity of a loading area can be simply expressed as follows:
Seconds in an hour available for bus movement
Seconds that a design bus occupies the loading area

Equation 6-1 Loading area capacity =
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The number of seconds in an hour available for bus movement is 3,600 s/h,
multiplied by the percentage of the hour that buses can access the loading area—100%
for stops away from traffic signals, or the g/C ratio for stops at traffic signals.

The seconds that a design bus occupies the loading area consists of the following:

e Average time spent serving passengers while the traffic signal is green (the
average dwell time multiplied by the g/C ratio);

e Possible reentry delay waiting for a gap in traffic to exit the stop;

e Average time for a bus to travel its own length, freeing up the curb space for
another bus to pull in behind it (dead time not usable by buses); and

e An operating margin that reduces maximum capacity to design capacity, by
adding in the number of seconds that a design bus with a longer-than-average
dwell time would occupy the stop at the design failure rate.

All of these factors were addressed previously in the subsection on bus delay.

Bus Stop Capacity

The capacity of a bus stop consists of the capacity of a single loading area at the stop,
multiplied by the equivalent effectiveness of all the loading areas forming the stop, and
by the percentage of time that movement into and out of the stop is allowed by traffic
control devices, such as traffic signals.

Loading Area Effectiveness

The more loading areas available at a bus stop, the greater the bus stop’s capacity,
because more buses can load and unload passengers simultaneously. However, some
designs are more efficient than others at adding capacity, depending on whether they
allow independent bus movement into and out of the loading area.

There are four typical loading area designs, as shown in Exhibit 6-12: linear,
sawtooth, drive-through, and angle. Linear loading areas are typically used for on-street
bus stops, as they require the least amount of space. However, they typically operate on
a first-in, first-out basis, which can result in one bus blocking other bus’ ability to access
loading areas or to leave immediately once their passengers have been served. The
other three loading area designs are termed non-linear loading areas, and their designs
allow buses to pull in and out of loading areas independently of each other.

Exhibit 6-12
Loading Area Design
Types

| |
A A A w

Linear Sawtooth
Drive-Through Angle
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Non-linear loading area
designs are fully
effective: doubling the
number of loading areas
doubles the stop’s
capacity.

Exhibit 6-13
Loading Area
Utilization Example

Doubling the number of
linear loading areas at a
stop increases capacity
by less than a factor of
2, due to bus blocking
effects.
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Non-linear designs are fully effective: doubling the number of loading areas doubles
the stop’s total bus capacity. The full effectiveness results from buses being able to move
independently of each other. In addition, buses are typically assigned to a particular
loading area when non-linear designs are used, so no boarding lost time occurs when
several buses arrive at once. Because of the extra space required, non-linear designs are
rarely seen at on-street locations, except at on-street transit centers.

Exhibit 6-13 shows the possible ways that a bus stop consisting of three linear
loading areas can be utilized. The loading areas are numbered from1 to 3, with loading
area 1 being the front-most loading area.

Bus direction of trave] ——— >

. | B I T

Scenario 1 —_— ! LA3 1 LA2 1 LATL ' —
A A A

Scenario 2 —_— | -
A A A

Scenario 3 —_— | || [
A A A

Scenario 4 —_— | | | || | —
A A A

Scenario 5 —_— | -
A A A

Scenario 6 —_— | | | | -
A A A

Scenario 7 —_— | -
A A A

Source: Based on Jaiswal (2).
Note: LA = loading area.

In Scenario 1, the bus stop is empty. The first bus to arrive will stop at loading area
1, as in Scenario 2. If a second bus arrives before the first bus departs, it will stop at
loading area 2, as shown in Scenario 3. A bus in loading area 2 is blocked from leaving
the stop until the bus in loading area 1 leaves. (When scheduled bus volumes are well
under the stop capacity, a bus in loading area 2 could leave more room between itself
and the bus in loading area 1, allowing it to exit independently. However, it would block
access to loading area 3 in the process.)

In Scenario 4, all three loading areas are utilized, but bus #2 is blocked from leaving
by bus #1, and bus #3 is blocked by both buses in front of it. If bus #1 is the last to finish
serving passengers, all three buses will exit the stop as a platoon.

In Scenario 5, a bus in loading area 1 departed after the bus in loading area 2
arrived. If another bus arrives before bus #2 is ready to leave, it will have to stop in
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loading area 3, as bus #2 blocks access to loading area 1, leaving its potential capacity
unavailable for the moment (Scenario 6). If yet another bus arrives, bus stop failure will
occur, because loading area 3 is occupied and the arriving bus is blocked from using
loading area 1 by the other two buses.

Finally, in Scenario 7, a bus occupies loading area 3. The next bus to arrive will
experience bus stop failure, as its access to loading areas 1 and 2 is blocked. Two-thirds
of the stop’s potential capacity is unavailable for the moment.

As this example illustrates, as more loading areas are added to a bus stop, the
greater the likelihood that one or more loading areas will be blocked or will block other
loading areas. Therefore, the extra capacity provided by another loading area drops
with each additional loading area added to the stop. The TCQSM uses the concept of

effective loading areas to describe the fractional capacity added by another loading area.

Exhibit 6-14 illustrates the diminishing effect of adding additional linear loading
areas to a bus stop. [t shows maximum on-line bus stop capacity for selected dwell
times and g/C ratios, based on a 10-s clearance time and random bus arrivals at the
stop. Increasing the number of linear loading areas has a much smaller effect on changes
in capacity than reducing dwell times. Note that for dwell times greater than 60 s, the
differences between a g/C of 0.5 and 1.0 are small.

200

180 A

160 -

140 4

120 4

100 A

80 4

60 -

Bus Stop Capacity (bus/h)

40 A

20 A

1 2 3 4 5
Number of Linear On-Line Loading Areas
W 30-s dwell, g/C=1.0 W 30-s dwell, g/C=0.5 @ 60-s dwell, g/C=1.0
@ 60-s dwell, g/C=0.5 0 120-s dwell, g/C=1.0 0120-s dwell, g/C=0.5

Note: Calculated using this chapter’s bus capacity methodology. Based on 10-s clearance time, 25% failure
rate, 0.6 coefficient of variation of dwell times, and random bus arrivals at on-line stops.

Traffic Congestion Effects

When right turns are allowed from the curb lane, queues of cars waiting to turn
right may block bus access to a near-side stop. Queues of cars may also block bus access
to a far-side stop, but if another lane is available and traffic permits, buses may be able
to change lanes to move around the queue. To the extent that buses are blocked,

Exhibit 6-14

Relative
Contributions of
Dwell Time, g/C
Ratio, and Number of
Loading Areas to Bus
Stop Maximum
Capacity
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buses and carpools or
buses and toll-paying
vehicles.
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however, some of the traffic signal green time that would otherwise be available for bus
movement into the bus stop is made unavailable, reducing the overall stop capacity.

Bus Facility Capacity

The capacity of a bus facility is determined by the capacity of the critical stop along
the facility. The critical stop will be the bus stop used by all buses that has the lowest
capacity. There are two exceptions to this general rule:

1. Grade-separated facilities without stops (e.g., freeway managed lanes) or
with passing lanes at stops (e.g., grade-separated busways) act as pipes; their
capacity will typically be constrained at a point before or after the facility (for
example, by the capacity of the bus terminal that the facility feeds).

2. Skip-stop operation separates bus routes into groups that stop at different
sets of stops along a facility. In this case, the sum of the critical bus stop
capacity of each group becomes the starting point for determining bus facility
capacity, allowing a nearly two- to four-fold increase capacity, depending on
the number of stop patterns used.

Person Capacity

Person capacity can be determined as either a scheduled person capacity or a design
person capacity. The former determines how many people can be reliably served in an
hour under the current schedule; the latter determines how many people could be
served if the facility was operated at capacity, given a set of design criteria or
assumptions (e.g., vehicle mix, design failure rate).

Person capacity is based on the number of vehicles that are or could be operated on
the facility and the design passenger capacity of those vehicles. The design passenger
capacity is set based on (a) quality of service considerations and (b) a desire to avoid
pass-ups (i.e., allowing some unused space to accommodate surges in demand from one
trip or day to the next).

Typical bus vehicle types, dimensions, and passenger capacities are given in Exhibit
6-15. Note that in any transit vehicle, the total passenger capacity can be increased by
removing seats and making more standing room available. This lowers the quality of
service provided to passengers, when passengers must stand who would not have done
so otherwise, but also frees up space that can be put to specialized use (e.g., stroller
storage) (1).
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Floor BRT Passenger Maximum
Bus Type Length (ft) Level Features Doors Seats Standees *
Small bus/minibus 18-30 High None 1 8-30 NA
Standard bus 35 High None 2 35-40 NA
35 Low None 2 30-35 NA
40 High None 2 40-45 NA
40 Low None 2 37-43 30-34
40 Low Styling 2 39-47 32-46
40 Low Styling 3 33 49
Double-deck 40 Low None 2 79-89 10-15
Motor coach 45 High None 1 53-65 0°
Articulated 60 High None 2-3 65 NA
60 Low None 2-3 61-64 53-57
60 Low None 3-4 43 57
60 Low Styling 2-3 58 NA
60 Low Styling 3-5 64 53
65 Low Styling 2-3 67 NA
Purpose-built BRT 60 Low Yes 3/6° 37 67
60 Low Yes 4 27 90

Sources: TCRP Synthesis 75 (1), TCQSM 2nd Edition (5), TCRP Report 118 (11).

Notes:  NA = not available from manufacturer.

(a) Crush load conditions. Depending on available standing area and transit agency policy, design bus
standee load is typically 25-50% of the seated capacity, unless seats have been removed to add
standing room or other uses (e.g., interior luggage or bicycle racks).

(b) Typically used in high-speed environments where it is desirable to have all passengers seated.
(c) Option for three doors on both sides.

PLANNING-LEVEL CAPACITY VALUES

The bus capacity analysis methodology presented in Section 5 provides a highly
detailed treatment of bus operations. The level of precision inherent in that analysis
may exceed the accuracy of the available data. In contrast, for planning purposes, the

only requirement is a concept for a potential improvement and a general understanding

of how existing service operates.

Bus Volume and Capacity Relationships

The observed peak-hour bus movements along freeways and city streets, and to or
from bus terminals, provide guidelines for estimating the capacity of similar facilities.
They also provide a means of checking or verifying more detailed capacity calculations.
General planning guidelines are presented in Exhibit 6-16 that match scheduled bus

volumes on downtown streets and arterial streets leading to the city center to

qualitative descriptions of bus flow along those streets. Where stops are not heavily

patronized (e.g., outlying urban streets), bus volumes could be increased by about 25%.

Fundamentals
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Exhibit 6-15
Characteristics of
Common Bus Transit
Vehicles—United
States and Canada
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Exhibit 6-16 Service Volume Average
Planning-Level Bus Description bus/lane/h bus/lane/h
Lane Service Volumes ARTERIAL STREETS
Free flow 25 or less 15
Stable flow, unconstrained 26 to 45 35
. Stable flow, interference 46 to 75 60
HIEETS Sl el Stable flow, some platooning 76 to 105 90
may be used for -
planning purposes. Unstable flow, queuing 106 to 135 120
More precise values for Forced flow, poor operation over 135* 150*
operations and design DOWNTOWN STREETS
purposes should be Free flow 20 or less 15
computed from the Stable flow, unconstrained 21to 40 30
capacity relationships Stable flow, interference 41 to 60 50
and procedures Stable flow, some platooning 61 to 80 70
presented later in the Unstable flow, queuing 81 to 100 90
chapter. Forced flow, poor operation over 100* 110*

Sources:  Hoey and Levinson (12) and Transportation Research Circular 212 (13).

Notes: *Results in more than one-lane operation. The values for forced flow conditions should
not be used for planning or design. They are merely given for comparative purposes.

Bus volumes shown assume all buses make regular stops along the street.

The number of people per hour that can be served by standard buses on exclusive
bus lanes at various bus flow rates and passenger load factors are given in Exhibit 6-17.
This exhibit provides a generalized planning guide that assumes that key boarding
points are sufficiently dispersed to achieve these bus loads. It suggests maximum
person-flow rates of about 6,450 people per hour per lane on downtown streets and
8,700 people per hour per lane on arterial streets. Corresponding maximum values for
seated passenger flows are 4,300 and 5,800 people, respectively. Exclusive use of
articulated or double-deck buses would increase these values by one-third to one-half.

Exhibit 6-17 Load Factor (p/seat)
Maximum Standard Buses per Hour 0.00-0.50 0.51-0.75 0.76-1.00 1.01-1.25 1.26-1.50
Bus Passenger Service ARTERIAL STREETS
Volumes for Planning 25 or less 535 805 1,075 1,340 1,610
Purposes 26 to 45 965 1,450 1,935 2,415 2,900
46 to 75 1,610 2,415 3,225 4,030 4,835
76 to 105 2,255 3,385 4,515 5,640 6,770
106 to 135 2,900 4,350 5,805 7,255 8,705
DOWNTOWN STREETS
20 or less 430 645 860 1,075 1,290
21to 40 860 1,290 1,720 2,150 2,580
41 to 60 1,290 1,935 2,580 3,225 3,870
61 to 80 1,720 2,580 3,440 4,300 5,160
81 to 100 2,150 3,225 4,300 5,375 6,450

Note: Assumes 43 seats per bus and a peak-hour factor of 1.00.

The passenger volumes presented in Exhibit 6-17 indicate the number of people
that can be carried, assuming uniform flow during the peak-hour (i.e., a peak-hour
factor of 1.00). As uniform flow rarely occurs and indicates underservicing of demand
when it does occur, appropriate peak-hour factors should be used to reduce these
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values to design levels to reflect passenger flow variations within the 15-min peak
period. Peak-hour factors are discussed in Section 5 of this chapter.

Urban Street Bus Lanes

Exhibit 6-18 shows illustrative urban street bus lane capacities for a Type 2 bus lane
(i.e., a bus lane where buses can use the adjacent lane to move around stopped traffic or
buses) for a range of right-turning traffic and pedestrian crosswalk volumes, applying
the conditions shown with the graph to this chapter’s capacity methodology. Note that
the capacities shown in the graph are based on a single loading area at the critical bus
stop. When a bus stop provides multiple loading areas, multiply the capacity value
obtained from the graph by the appropriate loading area effectiveness factor from
Exhibit 6-63, presented later in Section 5. Capacities of zero shown in the graph are
mostly theoretical, as a few turning vehicles (“sneakers”) will always complete their
turn at the end of the green phase, and may also be allowed to turn right on red, which
allows buses to move up in the queue and eventually through the intersection.
Nevertheless, low capacities are an indicator that poor bus operations will result.

40 1 Exhibit 6-18
Illustrative Urban
Street Bus Lane
Capacities with One
Loading Area

Single Loading Area Capacity (bus/h)

0 100 200 300 400
Right-Turn Volume (veh/h)
() peds == 100 peds ==-200 peds 400 peds ——-600 peds --—----- 800 peds

Source: Calculated using this chapter’s bus capacity methodology.

Note: Assumes the following critical bus stop characteristics: Type 2 exclusive bus lane (1 bus lane and at
least one general traffic lane in bus’ direction of travel), right turns allowed from the bus lane; online,
near-side bus stop; 30-s dwell time; 0.6 coefficient of variation of dwell time; g/C = 0.45; and 10%
failure rate.

Based on the critical stop having one loading area. Multiply the result from the graph by an appropriate
loading area effectiveness value from Exhibit 6-63 for stops with multiple loading areas.
Peds = pedestrians.
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Exhibit 6-18 indicates that as either right-turning volumes or pedestrian volumes
conflicting with the right turns increase, the number of buses that can be reliably served
in an hour by an urban street bus lane drops significantly. The combination of high
right-turning volumes and high conflicting pedestrian volumes is especially detrimental
to buses, as vehicles turning right from the bus lane must yield to pedestrians, and these
vehicles in turn block those buses that not able to move into the adjacent lane. Note also
that even when scheduled bus volumes are relatively low, the delaying effect of right-
turning traffic will result in lower bus speeds.

Exhibit 6-19 40 1
Illustrative Mixed-
Traffic Bus Capacities

Single Loading Area Capacity (bus/h)

O T T T 1
0 100 200 300 400
Curb Lane Volume (veh/h)
——g/C=0.60 = =g/C=0.55 «oee+ g/C=0.50 g/C=045 ---g/C=0.40 -~ g/C=0.35
Source: Calculated using this chapter’s bus capacity methodology.
Note: Assumes the following critical bus stop characteristics: Type 2 mixed traffic operation (2+ lanes in bus’

direction of travel); online, near-side bus stop; 30-s dwell time; 0.6 coefficient of variation of dwell
time; g/C = 0.45; and 10% failure rate.

Based on the critical stop having one loading area. Multiply the result from the graph by an appropriate
loading area effectiveness value from Exhibit 6-63 for stops with multiple loading areas.
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3. PREFERENTIAL TREATMENTS

OVERVIEW

This section presents information related to the implementation of bus preferential
treatments. A wide variety of treatments have been developed in urban areas
throughout the world to make bus transit more competitive with the private automobile
and to provide a higher quality of service for passengers. This section provides an
overview of measures developed as of 2012 that have shown promising operations. In
addition, the chapter presents suggested warrants and conditions for applications of
priority treatments and provides information of treatment impacts on transit
operations.

TCRP Synthesis 83 (14) conducted a survey of transit agencies and summarized the
application of transit preferential treatments in North America as of 2010 and the
warrants specific transit agencies use for application. In addition, it provides a decision-
making framework and analysis methods for application of some of the priority
treatments addressed in sections 3 and 4. TCRP Project A-39, “Improving
Transportation Network Efficiency Through Implementation of Transit-Supportive
Roadway Strategies,” which had just started at the time of writing, is intended in part to
document the effects of various preferential treatments in more detail than the results
of previous studies presented in this section (15).

Bus Preferential Treatment Uses

A significant amount of delay to transit vehicles in urban areas is caused by traffic
congestion. This congestion results in longer travel times for passengers and, over time,
requires transit agencies to add more buses to routes in order to maintain headways,
which results in higher agency operating costs.

Bus preferential treatments offer the potential to reduce the delays experienced by
buses operating in mixed traffic. These measures are aimed at improving schedule
adherence and reducing travel times and delays for transit users. The measures may
attract new riders, increase transit capacity, and improve the transit quality of service.

Successful priority measures are usually characterized by (14):

¢ Anintensively developed downtown area with limited street capacity and high
all-day parking costs,

e Along-term reliance on public transportation,
e Highway capacity limitations on the approaches to downtown,

e Major water barriers that limit road access to the downtown and channel
bus flows,

e Fastnon-stop bus runs for considerable distances,
e Bus priorities on approaches to or across water barriers,
e Special bus distribution within downtown (often off-street terminals), and

e Active traffic management, maintenance, operations, and enforcement
programs.

Bus preferential
treatments seek to
offset the delays caused
by traffic.

Transportation policies
that give priority to
transit vehicles because
of their efficiency
benefits may allow
transit agencies to
implement transit
priority measures.
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Bus preferential treatments can be generally defined as a range of techniques
designed to speed up transit vehicles and improve overall system efficiency. They
include physical improvements, operating changes, and regulatory changes. Bus
preferential treatments may reduce travel time variability and improve schedule
adherence, depending on the application. When considering implementing these
treatments, the total change in person delay (including both passengers in buses and in
private vehicles) should be taken into account. Local, regional, or state transportation
policies favoring particular travel modes in particular situations may expand or limit the
potential for application outlined in this chapter.

Where there has been a strong policy directive to improve the role of public transit
in accommodating a community’s travel needs, preferential treatments should be
implemented with transit agency and traffic engineering agency staff working in a
coordinated manner. Measures should be cost effective and should consider both long-
term changes to mode split and the potential for attracting new riders. Both of these
factors may be difficult to quantify. In most cases, bus preferential treatments will be
more acceptable to roadway users and decision makers when improvements to transit
operations do not create undue traffic disruptions. However, in a policy environment
favoring transit usage over private automobiles, investments in bus preferential
treatments rather than expanded roadway capacity may be seen as a means of further
improving transit attractiveness and maximizing roadways’ person-carrying ability.

In situations where the policy direction is not as clear or the inter-agency working
relationships are not as strong, an incremental approach to developing preferential
treatments may be more successful. This approach could involve demonstration
projects that have a good potential for success and could be used to develop support for
broader transportation improvement projects in the future.

Bus preferential treatments can provide a cost effective way of improving transit
service based on focused, one-time capital investments as opposed to increased service
that requires annual operating funding. They offer the potential for reducing or
postponing the need for added service to respond to congestion and can attract new
riders to transit, if the treatments provide a noticeable improvement in travel time,
service reliability, or both.

Person Delay Considerations

In many cases, providing bus preferential treatments involve trade-offs among the
various users of a roadway facility. Providing a bus queue jump at a traffic signal, for
example, provides a time-savings benefit for bus passengers, while possibly causing
additional delay for motorists, their passengers, bicyclists, and some pedestrians. When
considering implementing a preferential measure, one factor to consider should be the
net change in person delay to all roadway users as a result of the measure. Of course,
other factors such as cost, change in transit quality of service, and local policies
encouraging greater transit use should also be considered.
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BUSWAYS AND FREEWAY MANAGED LANES

Facilities that provide segregated rights-of-way for buses offer a number of
advantages that can improve service quality. Bus travel times, schedule adherence, and
vehicle productivity are improved when buses are able to use higher-speed,
uncongested facilities. These improvements, in turn, promote efficiency, improve
reliability, and increase the potential to gain new riders. However, these facilities often
require capital and operating (maintenance) expenditures on the part of the transit
agency that are not incurred when buses operate on public roadways.

Busways and freeway managed lanes are the facility types offering segregated
rights-of-way. Transit industry use of the terms busway and transitway is inconsistent,
with the two terms often used interchangeably. The term busway has been used to
describe facilities ranging from bus lanes in the medians of urban streets, to exclusive
bus roads with at-grade intersections, to freeway managed lanes used exclusively by
buses, to Ottawa-style grade-separated bus facilities with rail-like infrastructure. The
TCQSM uses the terms median busway, at-grade busway, freeway managed lanes, and
grade-separated busway, respectively, to describe these facility types.

In North America, busways and freeway managed lanes are found mainly in larger
cities, usually with a large downtown employment and heavy peak-hour bus ridership.
However, these facilities have found application internationally as a substitute for, or
supplement to, rail systems. When facilities are located on exclusive rights-of-way, they
may not be easy to walk to. In these cases, most ridership stems from park-and-ride lots
located along the facilities, from transfers from other routes, or from buses using the
facilities after circulating through a neighborhood.

Operational Overview

At-grade busways in North America include the 8-mi (13-km) South Dade Busway in
Miami; the 15-mi (24- km) Orange Line in Los Angeles; the median busway portion of
the Eucl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>